
UNCLASSIFIED

AD NUMBER
AD312827

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1959.
Other requests shall be referred to Naval
Ordnance Lab., White Oak, MD.

AUTHORITY
31 Jun 1979, DoDd 5200.10; USNOL ltr, 29
Aug 1979

THIS PAGE IS UNCLASSIFIED



is a

.~'io f *v * m0bw 04t -V .41 I S . 9 ~
t~jo* 49.

9 Is

I. , 9 . f . 0

&.0.0

I('.,;I .. o

MICkO.-CAIt I
C~fllWL ?4LTI erro~uced tq'

nd SrieT hif aI ,;hfvatian figency
A .. EN M I I A 1 t. s r rIV,"vV 11A' R C I' IA

ps,. I s Ai

at' S .b

t9



"NOTICE: When Government or other drawings, specifications or

other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated
furnished, or in any way supplied the said drawings, specifications
or other data is not to be regarded by implication or otherwise as
iii any manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto



J

SECURITY
MARKING

The classified or limited status of this repoit applies

to each page, unless otherwise marked.
Separate page printouts MUST be - marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
LAW.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.

JI



VH RIDNAVORD-RIEPIORT, 6632

THE ELECTROSTATIC SPARK SfENSIT1MI1Y OF BULK EXPLOSIVES AND
CIOMETAViUIVANI V'rTURES MIl

I JU?%E 2959

P* 0

M/UTZ, 0M,; 1VAU .AND



Best
Available

Copy



T11E .FL.STRt.STA1! SPARK SENSITIVITY C~ -

BUD. ELNPL(SIVZ.S 4: MtTAL/(#IDANT !AIXTURE(13) * * *

Irrepared by:*

Approved by: 2
Ct E! xplosion Dynaxics DiviSMon 6

JOSTRACT: In order to h.ave a ceott,-r basis for comparing
explosive -:ectru-static sen;s.tiv.'ty ateasurerents made in t
United Kinawiom (;:xPlosives -search & Cevelerrment -Establishment,
e~althan Abbty). and the Unted States (N:aval f(rdnanco Labora-
tory. '.ht ak, ?.arylufld) a replica of the iE.At.C. 2. a:q-aratus,
has b.!.n built astd used at !,L.' Su'tstantialiy identical * 0 9 .0
results nn sxu.ilar explosives Aere obtained on the crioinal
i.R.D..I. apparatus and on its replica. A nunber of tsplosiv~s .

;or* tested for the first tire ta the typoe of -:. :,..\

Pparatus: ram..Iy metal/oxizant fl-Ixtur-s containinq zirconium, .*~.
bcrGn~or titanium. gtdphlle czated awuor.luem prcdlorat. ~ ~
a-onii p~erch lorate/alu..i ru: .*i propellant, tl'. and AC3._______
ctther ru~ns %.?re made to co:-zrt! the r~ldtivo sets.Aivities * * ..
of pri.-ary and sccondarv exrcsivet and, where pos'-it~q.
relat; thes& results to thcst obtained in the U.K. .

By the work performed it was found that there Is no large
variation in sensitivity of troxral 1*4d styphtiate with particle
site-. taie sersitivity of exclcslves and roective mFjtioes is
som'ewhat afficted by the polarity of the electrodes; the
sensitivity of metal-oxidant nitures based on zirconium. boron,
or tionum is about that of =:Iwary explosi:os; andi aronium
pe-rchlorato mixtures at* irsensitiv, to olectr~static e±scI'arg~s.

*At Ur!4,s~vvs Rs*dtch ant Levelcpirpnt, Istablish.w'nt.

his wkrk was carriod 4ut -'il r. ..,wt !a n residenco
at *;.L asa visitinq researc:h scientist.4

r'xplostors ---.-rch Oeparti-ent
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" r. '::Y: - . %

L I. _ 9

IJNEAWClFE.



-__.: -' 2" ~- _ ' . - _1 . " _-, __ -"- _, "*
"
- " " "- :" " . .. ." .. " . ". "

* __.. . .au ,,

-D. R M. 1 . • . .A Ui-

k w- .. t t M o a o

Navd Report 6632 1 .'unow 1'59g - - '-". ..

Or. R. M. H. iya, t eof the re.A.D.E., "Waithin :Ab~cy, U.ni.ted. .

Kingdom, was ass"gned to the ?.(L for period of :w yeIars th'
Is an exchane re'arch cientist. .ile at ,.L he ursued.
alond with other explosve sen nsitvity ad zob eh ".ie electro- .... :- "
static sensitivity of explosives. w,'rK he +as criminally - . ..

as ocwated with in the U. u. dhe aork . dne to develop .6 .O .
better methods for obt.aining c-marabe resalts be*esen ?JC.L

4and U. K. tests and to study :.*tain r.w ea,'1o "e , 'erials. "S 4•

Tbo present eort is a resuKe of Dr..yatt's ork in the -. :
el.ctro-static sensitivity field during his Icur of uty at: '. It shoiald beo of in'.erest to "+cient.is's wcr~inq the.-"" .'- "
field of explosive sensitivity and the rrocess of .r.itiation. .- " "

This w.ork was carried out under Task :'o. ",':-5/ 5 .2/C1O4O0 ..- ... __. -O.

Guided ;:ssile Fine ..plos:.ve "rain ' e-.earch. T'.ese studi .s ] )i.;]).. -
* b-ar on ..,nlosives F-esearchi Vc.y ,robler, 7.7.7 - nvest'gate .. i'-;" S 0

*he basic mechanis. of in .iat~o of exelcs',,es; devtioo new -.".'""'--'"''":

and more r.li4ol. t.s s .or sensitivity - l;sed .n ;av'rd .
R-enort 3901S.

.,P 4 e . o o . .-. -

By l rec" ion .."''''""' '"-'. '
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-h-sTXA t* ri ain, Qr S-n: v t Euim

1. The s.,ark sersi~lvitj tester at MzL (described In
:AL UZ959. reference (a). and subsequently nodifli) em~ploys -

a iVariable vacuum capacitor *f r~nge 0-500 rticra-microfairads
*(tr.nfd) and a D: po.%er suopl)y of range 0-20 V14. The approach* * limit of the electrode jzp is set at 0.03 inch. the potential

at 5.000 volts, anti the :*;city varied tc :1tor the eneriV of .

thoa spark. For an actual test the spring loaded upper noodle *

elfctrcdo is 3rou~ht razidIy doan toward t'-e fixed bas#
eectrode (ui-cn which lie# exclos.,e Is placed; by .jiving It

asir blev w'ith the hand.

* * ash~~~r_:k ersitIvity %*r at I.0.E. 1 a t.btnt

2:he author and his colleaaes at the x lcsives-
Pestarch Znd :-evelc~ont zstbli,.%siment ( Z R.. lf altham
Abtoy. z iAd ha,.* carried cut experiments on the electra-
static snark sensiti-vity c! ttlk oxclosive% over a wide ra-e 9 9 jo

id~ntical with. that Oiscuaed a~cve. The princirle difference
*cetaeen th-e t.%o oquii)en-S !s.that the one in the U2. r. Is

-!-ch 'n:t tt.j! uprer -tcICCd- can be made to !Pake contact.
Ii r~ec.tisart,. with the ea!# electroee. '*crcover. #h2 bz
tol'corcce c.-4n be either steel cr 4 nun-metal. thi latter

s±~sla~n cre Closely 4n acc.2d~ntal static diltefarge* * *
1,,veivin-i ipn cretatcr.

*In this repcrt the ol-!ctrcdes will be deslInated by th~e
c~nbinazicn of mate: alts usedl with the ~:rel.'ctrcdo

aly 4ivtn first. Fcr evanplo. steel/rubuer sigjnifies0 9 9 0
that the upper alectrcd 45 a te.4 and tht :)As* Plactrcde
rubbo"r. St.'el/st-eel %:ulJ si~nify a steel up~per elocirsde *%
4dda steel base #e'octrad.

CrCflOMNTAL 4. 4.* . : J.. 

% .*
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3. 'e~l~~qconclusions canl be dramn from tho -.ark
In the U. K. oescribed I references (b). (e). (d). le). and
Mf.

(a) t~tjng mta/',l '^l.cfred.4 th.re aire two - *
t,..2lflnt o ;,io fl.. i.1 *ifv-r a:-ides

(b) For le.id sty-hnate and L~l ?eeIs rot
sha~rp distinc~xcn 'ct.t-~n tte T.-se rt!'liofls
m"ntioe in Incd ) reve *i isvdne t 0

4 Ey tt.e-T-Z. that there is little ciscentinultyS
in the curve of percentage ignition uith ener'~y.
(1hvse- two explcnives are counsiderably more
sensitive to gawous dischirots, than the t,^o
azides.)

:C) IUr!Ad aride (i f c97 rc.nrt or u"~r? rurltyl

* 4.lrretldisch'irws *1t--, netas1"nta It
',1pctr.tt* ; 7itct r.-i~~ of i-:nit'on arob
~~Fal einio aIcctt S11 #-PC~nit to ---h3t
is exrerienced In practice -,-ben mnnuf;cturing
the tuto explosIves and fillingj th~em into deto-
natc.rs, prieres, etc. Vany acciqd--nt% with lead
styrphnato hov# ben caus. J throuwh Igaition by - !--0

stray elecrical eischaries; %hereas lejil ryide
accivien'ts nave usually b~.n caused by so-be
mvch.nical agency sucn a% 3 frictional tlooanjfd.
to the juthor's knowlecige. ncne have bpen.
atoribuU~d to elic-ricl dischara-s. ThiS
suirjests tha~t the rtethoti oi test *,.inj cundenser 07
disc?'4r.,cs hot:.en mtal,,'.al eleC'rquCS in aS00
c~ircuit of low rvsst.nce lo- - a1ct rerrinlucq - - - - - -

l*,y;, of di~colarue t3:cIm; plac-a !n ;r.c!c . .*-- *-. . .

:.Schrt ;,? I rt;, th.. operavor (*he tiua.l %o'..zce

!Injcr. i.e. !ai a c.rcult con--"ltna at icist .*.*

cne nI)n-f..' AIIc elictrode. anld 0 V;SiSt3nce of ~ . .

(ilIof of thec sfrjn* Ih%-! t.%o rt-ui r. -me.ns re.-
.'r&.oJlei in L..c ;,resent metlhod of t.'stln). r. *

y~j-b*r c'e .l.c!.ro~pcornsistt uf st*.el c.vr.d **':--.S

iy3 phIc.. Of ctfl.!ucting Cub.'r fie to it by .:.~...
C.'nluctinji adh.'siv*. This siot.-le alteration
chon-jes oflv of the ?.l*Ctrodtes to a ross-aptallic . :

a load 2:4 dinitrorosozciltet*9 * 9

ONFID!NTIAL .
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e,-e 4nd autcratlcally !ntci,4%:s a r(es1An:amt.

~ rh' 1,:% energ~y r-: ci is.nlt~on4
.~ i~~f ~ is el im1it~d. i.--. -.d t,rhndte* 5

Is nz r:x'r. i-ms tIv.e thuan leadJ 4: Je .s Is fcund 14

enory remains cntant fcr tho 44

*Oi~z 4e,:Ir.'eses with decrepsina caracity until
0 ~~~ t5 rmafd Is r-ahe4 Fur.her

:.2:~ In ca-Jacity caiuseq an ircmeo In the * 2
* :. ~Mionenerly. Abov~ .XC w.ifd. the

en?:y nresos, referenco (e). ___________

a. .~ e 3!_ :'Atl~r o!ercdets arlOh
r~. ~ e'nray is .0' 1,-' i..nd~n .- '.

.~ ~I 1 U"!~ C~'aci ~ C"i.

rvi.,Ltrce. o! tne :'joutr c.;t the seark

-,.' *P.* indivdual d.scla::is -ay or. .*...

-a#: !%Avy Sufficient~ Pnerjv in tZ, o0
# ~.. t !cn 71iis bvs~ompes -:z. if ant

-), i :-- cacaciy. and as a r~sult a..

;-J:.. l~:~Iead o':ds vf hl- tu iy
.~ s-'.:-..,d*' -i,!l and Ucr -- 'rr~. - e

lon~a oi.? f t..sts i.-:.t the vr:at an efzj.: i'
"O.rgy has !a ~ .1 ~ c cvobr a *!., ran.-# cf :ovo*' t.*;* * 4.
hec retults ar# bVS#t %sC.i ;r3: ically. N'over. Z-1 t1.f tais ' *****.

of presenrt oinc..e:' -/ c~iv vbr thr ra;f ;f caz.*city
up to 5,01ZO r~rf!. i -.9 -. ssibl. to ia*rivo a faic .- a of*******.*
hazard m~rdly by ott./h t-!i Vtinixu.2 oner;y at s~y t:3 0 S 0

S V. *.

% - % ,WN* EIA



0-,M IZEUT IAL
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r'ferrc-s (d) -iad (e). (This snplle% -*nly to single com~pouJnds
in a fairly ;ure state an~d not to nixtures.)

5. TheC~l~if t a list af rriary ewplosivei In

,rmal lo.1d s tetgacone. le ad 2.4 C,J.R.. le-.d
azide of -P7 -c:ctit curity. silver &ride. m~ercury fulminate. 9 5S

4 nJI doxtrina-'. t,,!'.'d a~ide.

Va, *~ee .~ RD.FtL

6. 'here ,rai not ccmrlet. iree-rent betwseri tho results
obtained at *j2 '- an for ;he stnslivlti-s of basic
4ead sty;'hrre 1-1 r.zrna i led st'chna?.e. ror exa' ple. * S S
referonfce (:) s-caed that U. S. baisic lead %%&~~: as

4arv~arently !esj s!-nsjtiv thpn r~ral1 Ieud Sty';1.jte nfj the
:Irtish for-i :f tasc lead styrhna-e designated ;%: 11-1b and *

11 49~. This - ult seem~ed untice!y %in the basis of U. K.
-xrL*'fce. ref :irc.i (e). IeArc~e 1h) g&ve tlte mv~iium

#r..' rqj fcr ~-.1incf svbsievo and milled ncrna; l~.
stvrhinati as ll.Z!) 3nd 70 ern%. respecti-rely. Su..h Iar.,#
0-ifferonces ha'e not beon enccuntered in the U~. X. during -*' - 0
th4. cours* c! r:,ztine teqting of a variety of samples~ of*. .. .S

; ,r-alIcad s %:%nte anId #hes fI ,ure% foi maximsm'~eroergy for .:.

ncun-,ni fer , alftiys be-n in th regicn of the SM1ler *.> K**..

f~uq rf e C. c). rkcfereflce 9 indicated an enerzy of.S'*
<c Pr-,s fcr n.~l..d t-atrial (two !';nitions were .'.. ~.
tbta'nod In 10 :: ail ila a c t;of 510 r Ad charied to

7. 'n r::z' irvi%~~twe *h.!e apar,.nt anoales It **

*~l-cre. -. t a nee had d- el-v'd for inf-irr-t., n inl..*

#%zlL'ivii A-:t as:-! t-Iod. 1.?:y *erge either n- to the .*

'~t.: :~av. c- Itic is aeo on 2itccniim, .*'. *

.* .:c1 or alu-flifi.. *.

'::'asiun VtxanItrcdrhenyLmln*) A

4 ~ ~ ~ b vlist t'v-c .e'nc,~ttd for cc rscn purnostv

CL.HFIDVENTAL*

- - a..........
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P~. In order to obtain Co-parable Conditions. It wes
decided to N'uild a replicka of tht U. k. ;;)au rather $haftr~dify the twisting WAL apparatus. The choice as* wRart for
!he foll1owing &tvasc'nq:

(a) Am Identical facility would be availahle at 6-S
the two laborjtorits for cvrparis.1 purpose%.-

(1) The NOL apparatus as )Ied to test loaded
Component% besices locst ouplosivo a-d was
best left untouched.

'he ccn~trutt ion det ails of the N&)L version of tNe IE.R.D.E. *
aa.ratus are given In paragraphs 9 throu,)h 19 below.

4CL VERI3IC CS THE --.R.D.E. AP~.qATUS
*:i.c* rode Assemnbly

9. A copy of the electrode asiebtly a% described Inreference (a) was made from linen phenoilc sheet 1.14-inch * S 6__S_thick. Figure 1. The movable amw was insulated from the S 0:,.waindtr of the assembly by a Tvflcn sl:.eve. Fi:3urt 1.
point A. The top half of the avearatus was Insulated ire .l* base by two theets of polystyreno. Fiure 1. point . -

10. Sioy#. Extra Loud phzno.craph needles were used for .. . .... -"te i'rpr n-sedlo, *lvct rode. Pi".b-bcb eloctrcoios weri Pad.as; des.;ribed in rerenco (t. 'he base *lectrodes were%olid cylinders of hardened steel .3/4-inch d3-eter. .J/4-
ir..h h n (ie ilir to J/4-inzh rollers iis a r%:I1er

*-rt Oi'cs of ci.nduictinq rtjober '/2-j.;ch dia-islr.
1,/32-&nc% .v wtr - tut *..... Si l~ held dt
s~ 11h.- Ahe/i.,ince there wdq no r-b2 -available at ?JCLin th, re-ittirvd ran'je of resistancte. !h#%e wo'rt fixed to* *'he S* re* eill1'corcdus Dy rcars ef a~ ci A~h*1ivv .

-. 4........-. -r,-itq P,,..dvr m'ixed with !.e -sini-u-n cf 4 cdyear . *
;'i~ufd.Tf- r-!suitant resistance with a point contact wasiueviiat lower thAn 100.0(X oh-s. but as tne resistance .. * .inzteasts with u'. they were aac-ptable. 

-

11. Plawst i cin Glassmike cordevisers rated at 10 kV LCc
oit's cApp:itips as indicated Itr Table I me-v u*.Pd. The** .*Acre fixed at p;uirt C. Figure 1. ahenv req-ired. .....

cUNF I Or I AL %*~ ..



MAI VNT IAL

Navcrd Report 66.12 *

Table, 1
List of IC uVDC Capacitors

00 nn 3 470 150 soe cfd
1,C..) 2 1.010. .S

; *C1 1.850 *:

5 0 00 4,050
C.03 mfd 2 0.0355, 0.0295 t (d
0.1 " 2 0.0939. o.057

F~r :45 rdthe 470. and 1jC)6n6,Tfd cczniensers were~ con~nected
in. :?ris. ccr 157 r-td. -he 47C; 51': and 50O-M~fd Can-
deni-rs were ccnnected in series. (7h~s ccwrbination was used
cn~y cn tao cccasions.) rot 0.2 mfd. tZe 'we 0.1-mfd
c?-a.tors were connectod in p~rallel. ,mne larger caoacitor. .:-

--e a ;.X wa~s also used. This haa a nominil capacity .

cf 0._'5 trfd (act~ual 0.257 mfd).

12. For capacities below 100 rr-f. lengths of coaxil .

catle tjype R-S were rounted on a wczdet strip. the central -.

fair# !Ornlnal beinq suitably insilal.!J fron the L.card. with ..

th~a it'a3h .aroded. see Ficure 2. Per 3c~pjicity of 80
d lr"e 1.-?rths of 101/ nch.s oa-c.. ^c connected In
par'1?l. crcapacities of 25 rid. IC -ni: i and 5 irntd,
sn**lon,ths of 1C. 4,and 2 Irchc-, rirecti.ely %ware

US,?: cz-axial cable capa'citoi~s czuIC rot be char.;ed

44 *:fwe 4 KX.

13. It %.as r.?alized that he eltc~rcte asse-nbly and

lee:s prbably had a canacity of teverel :-:'". When
ca-ictics of 25 r.fd or icre wo're 4ttizht- ,-) the apparatus
t~e c~rrituticn frcm the esivrly rnd ct--sl~.±d be i--nored.
!z :a-?c~ties of IC and 5 r..tfd. t:.e a~nitinal c,%nait',

-.sa c~ ~rb'cor.trjL'utjif to .e t~t~i capacity.
4. ~~4"~r:, a:t1-PL -was made tc r.asuz?~ tr- zlpac'ty cf the

e:~~d~Assi- ly and las sncet'v p1 icture and
c:~- .~.sw~utd not L-? al~ered.

.:'s .i a cinventlolal unit c43.a3ble of giving

4cctinials Ur to IQ t5V D_' with either C:- inaticn. i. e.
ri,-eh-,.h jo.ntiail %Lth -ielat.v* :r.und; or negative 4

?.i. ~ot.V~i dth posit~ve -]round. A. Een*ltlvo Aes.?arch

*s:r;.i- .::oraticn voltneter, ran;*s -iIV, 0-7.5 rV Z % % .

ar.4 C-lt -N ^as used to dtr!1l.t voltage. cutput.
determin 0h

6
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Technlue for Checki no Lew-Volt.l' Discharges.,

15. For pctentials of less than 350 volts tho dischargo
could occur without visual Indication. It was therefore
ne:essary to check whether or not z discharge actually took "
plae when the upper electrode wAs brought down to the base . . 0 6
electrode. This was acccnpli.ied by sharing any residual
charge on that capacitor aith another of suitable st*e so
that the potential on the two ttf them could be measured en
a 120-volt electrostatic voltmeter made by the tensitive
Reserrh Instrument Corporation. (This Instrurnt could
not be used very satisfactorily with '.he capacitors of
5. 10. and 21 r.-fd *h.n charc-.d to petentials under 500 O g *
volts. Its own capicity Aas much larger than 25 mifdo and
thoea th., rotenlial was reduced to tco luw a flure for the . 6
instrument to rvgister. It would have been preferable In
these cAses to use a Lndemenn electrometer os this has a=h -..
smaller internal capacity.)

Firinb Chaband Sap!. _J'rer rAtion Chanber. * *
16. The firing chamber and s.mple preparation chamber.

Figure 3, %ere construct-d frcm thee.s of l/-Inch Plexiglas ' * •
and aluminum angle strips. The tor. fzont. and sides were .*/..
coverod with sheett of I/q-ir.ch Uomalite, a transparent **.'"-"
;lastic of roeucad electr!cal resistance. '.h,:never this -.
sheeting Is rubbed, the voltage built up on it is much less
than would be built up on Plexill.)s and thus the chance
of inducing danrercus charg.s on the op*rator due toinad:ertent rubbing of zhz chamber was much reduced.

17. $a.plv? pr.:paraticn was carried cut In the right-
hand com,-art.nt. A .;round,-,d metal sheet -vas placed on the
floor to ground the opera:or %hile he wat handllnq the
explosive. U

1. the elec'rcoe assenbly was placed in the lef.-
hand cc.partm.-nt ;nd tho, c-,razor siccd er sat on a stool, .
Insulated from te flo,r by a ruLber shret. A microwitch ,.. . -. ,..-.
VW fitted to the dor of the firing cha .iel so that the % .
LC jcwir supply was switched off %h.:never it %as n,:cessary
!o adjust anything Ir-s!,Id th. chambor. e.g. ch.n,ging the -''-.-.:..-
ne.,dl. -ur to cle-n up) after a set of trials. All move ents O 0 0 4
of the *vplosive s.mpl..s .er, carried out frcm the ou'side,
using the sFecial hardlini tool, Figure 4. .he latt,,r was .
gr~undvd when...r it was in u%, since the *'dq..s of the *:: - -
a:orture throtagn which It Aas plc€,d oere Per.cdnently

wound, .o

=ITFIDENTIAL '*, "..o ' ..
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1% IX he c';-b? % is cnnnect.ed to an existin,, exhaust- 0

fan -ysttn by 5-Inch ducting9.

* !.1.tratory sp-,ce in which thie tc".* e,-re

c.~rried cut coilt be d&uidified an~d ?xr~wt -%r not

u-AIV~ CAFi- cu its on atmos-er" of jr, Ater tnan 45

*o .t v. ht A i y 'I

:1 S er. prerarec ny -"Cing about 5 to 1
zf x;',;;*vo' Cnd.- tac~ir bulk dencity) on the7

st.' r rurttr tase electrodes5. EL.:uroa 4. ;% fi1ina :)pte
.hr'.a:u?. such a- d.?scrited in rA!.;rnce (c), is a pr:-ciu'

* .r: f oblarir.- a uniform chri.? hacever. a aratula n.-thoo.
.is used in the.' exuerimnts :)--c. es nost IJ ",,I po-Ad-.rs
t.?ttLd had conr f low nron.!rtles. .~nifl1 th* plate method

z?. A c. v .ns.': of ap rozr:.it-. cap-cit f or the explosive
*.r..ir ta*t Aas f~xA~ to the~ bl.r1crd-- assembly as Sho~.n in * *

7i :tjr.! 1. 7hi ;,;u of the~ I1;'- vcl1.ai* unit w;,a- set to tho

* pct..ntlal to ..t-.CA the condenser 'a to be char-)ed.

A ai-nle was raisole thrcuzh the ap. rtur* between
tlt fhr*i-.; ch.-:-'er And the S.ui-1e prov~ar.,U'tn ch;rnber &nd
-13cd on t'-., plat!f:r- .f th- t-Uctrcdo assembly. -he*
c. n--ens .r -.. s t-.!- ch-trwd by rcatn th.' han~dle. se*

91~~~~~~~ :sI n5,s itte oId Zrass ccnL.%cL 11rectl) ...-

-.1- ca~3a:*or r..d t.T7 h .rq..*J tz. :!.e cz..son pcit.tlal.
-v ~ ~ h. h:~~ " andle in ,h.e d~~1rectionf. th

C .J?*
4 CJ%.Cc? th.rn ifrcmi the char;:nq.

.:Cui. .. cn frher rct.;ticr. th- uprur e~cre -:as
~ .'..~ ' Ae:'sthe base .I-ictrcdb upon u~aicl. -.h.&*

v - w!:d, iy.* tr-e tvwo *A,.,:rcS A.r* sifc1nty
a ~~ -,,k ;,lac%..***

... '..'Ij trial% %,ee cArried out 'cn oach *...%.*. ..

~--,Iv 1- ;, r the LI% ..- CtXcde . :zr'tun
vf sv.,*...t t tt.? -*.s:h-i--. b r~cv~nj the

*1.,ct:.,c\, it:- ~th.- r atf'r. *Ifti.r the series~ of ona,
* . r t*.r. :.'.!epene'.n: u-.n vh..ther cr rict the- - 6 6

:rein ~ :...~ r-.ht t?.rcu..n :'.v ~rtJre f rcm the*~..:-
rr L-':,)t~ -n !t ..'..-n the c%.-: le t. t 4f Lrlals (ncrnally

A atn~v -.*fliiy cvr.ILtufl hie Len carritd out. the

CONFIDENTIAL.*
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unconful~d Ax~pl"~Iv.' wais disposed of by standard procedures.
and the base iloctrodes %ore cleaned with eiw.:y pxpex, if

lest U.,in aMA Criteria '*

25.~~~~~~ ~ ~ ~ NomlytesniiiymetueeS pr a-
uin. the *Fr.nkford Run-down " type of t4!st plan. Fifty

traswer: *arrIcd out at eac Les. level. :ach successiv#
lev.ul was chosen In a~n effort to find a level at which
thor mould not be Iitiations. It was observed that In
cast cases the diszribution was non-niial. For Instanco,
!ho're are, cap.acitor sites, In the case of steel/rubber
electrodes. wihere a certain percent of the trials lead to
initiations but wheri voltaoe lev.-ls cannot be found at
v.hich 101~ percent initiations can be obsorved ... a sort
of Inhtrunt du*I rate. Slnc.? this vwhol-3 program has been
otr~cnt, d tow*ard d..v-laj-n'j inform'ation r'.Ievant to handling
;.roblor.s. it is desirable to -;!t an osti.ate ef the thresh-
hold cf t-nsitivity. *herfor. ec-'t : noted, the

r*''or' :ds~.n~! ~ is V."j it .iih.et lv.l at which*
F£- i7:71o-ot~ ot-re -rru~ ft.Iift~y tri als.. - 4

* 26 The dogree -3f ccnsumpln of! lzcso ixnlosiv* .

varied fromi the emission of a small xncun of samok to a* *

cem-Ili't.- burrin'n or ditt-naticon. Thi tilic of Ignitio~n wa.*
noted II all ca'es -And to is usual 4O ba-le the setnsi- _______

tivitf en the *vidaince of *he mildest Ignition for safetg
urrci~is. sinco with. a lareler mass of m~a. -rial than Is used

in the t.st. a d,'?ond:.icI cr m~ass explosion may ensue. ~

.ffI c 1. nc I t. f t r st~'r c f vnv..:.r, t4- ?r 1r~tj 'r. I iniy uncn .he z*/: *.*.~4

* *uallIty of th? ccnfkvns,!r;. In t- -ct.-rd c:%se, hq.'v.r, *.* *.

th.! crer-ry ,,vailthi. In *it @;.ar)' ma) is ~~rarA.
11D perc rn *-f 1j2 VZ. on- r.*naincL'-r h'onr) d i as lp..ed I r. .

the £m.ubtr. ref -r.?nco (b). * * *

.~~~~ ~ ~ ~ . .. .
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Co'earlson of Tlestats from the .. CL-Pullt App-aratus with
7hcse Foundin the-U.-K 0 *

c 2ri . Iu~dely ccYpais tst should have been ~e

in the U. K. This was n~ot possible. so explosives were-
I chosen wh'ich were luky to behave simi!arly to two typical

Britista primary explosives. These were Ui. S. normal load
Styphnate (used as rec*iv*O) to be covnparvd with British * *

* ~norzuel !*ad styphnato RD 1303. an~d U. S. polyvinyl alcohol4
4 lead *tid& (used as received) to be compared with Brlt~sh

Service le-ad azide.

29. The sensitivities of thtt# tao U. S. explosives
were dotermined with the steel/rubber electrodes (rubber,
pesiti-ii *;rcund; stotl needle. ne~ativ* hiqh oot~ntial).
Figure 5 ccm;)a.-s t'?,e rvsuits at.tained in the U. K.
ref eronces (d) and (e) for Porr-al lead styphnato RD 1~33

0 4 and service lead azide with th:st cbtained for U. S. norpal* .a

lead styphnate and Pt/A lead azide on the new apparatus. In
both ca~cs the results zoroar4 very favorably. although for
load styphnato there is a difference for capacities below .

.10 vrnfd. H4owever. this is not felt to be a significant
I diffez.,?nce.

I .J. ~st wi% s..1,'it'l t9Cae t;.at
* j the :r.ener/ Ocr '.S- 1-4d sty ana-w AAS5 c! r-sI 'h~ch %r % .th 't .u z uoted In refor.encls (b) In .....

21l. -hus. s w::Jy J'.alrasults .'ore cbtain.'d 0 * *
on th.e a i.cs ofa.. rt.s _

*A :.rcn..

# I 'crd.s at low *r:ie.here A-nc virf littlo dif-,!-nc*
*h** -4r n-!dle!%.%~ ~ t' or nona-ve -%-

resp.v-ct *c thei "asic, - :*-r: :.(c. .*re . a -0 .--. 9
Pasit hc*y, !ic r. t-a* this Aculd not Vt the Case Ahen
the baso ..1--ctr#,de -A-s ccv.'r'. #.11h ccnduc.In; tubber. .*.*

CO*IEWA
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33. Tl'ure 6 shows hcw the spark sersltlvitles of normal
l,,ad styphnate and PVA lead azide changed when the polaxiL"
of the %teel needle wa% changed from nejative to positive.
41 'h lead st'phnate the Igjnition enrgy values were halvt-d
throughout the ranqe of capacity 25 mfd. to 5,000 mmfd. How- . "
ever, this was not a large effect, and both sets of results .0.• • * •
fall within the area .o-rmally associated with the sensitivity
of lead styphnate, referonce (e). For milled normal lead
styph.aate, the difference was smaller, see next section.

34. For PVA lead aric'e the results with needle pcsitive
were again huier than those with the needle necgative. and,
sinc. this compound has an appreziahly higher minimua capacity * * S 0.

for ijni'ion than does lead styrhnate. tho're was the additional
effect of l ,ering th;% variable. i.e. frcm a %alue of about . . . --
400 jrmfd. to one of abcut 200 t.td.

35. It is possible that a capacity effect exists with
lead styrhnate. but, since the mini'.m capacities in this case
are s. s.all. any d'fferen:e is not likely to be significant.

36. These tests show that Zhore anpears to be a small.
but SignIfiCant. effa:t 'ith cx -'rslw$ such as Ioad ald.
since the '.inirum cap;city for ignition is lowered. The
effect with lead styphnate is not siinificant. •-

37. The reason for the difference with lead azide Is ,."
not clear at present. It may be :onnected ,ith the non-
uniform, distribution of energy In the gap, reference (c).
It wculd te d-sirahle to standardize the polarity, but tils .- n.:.

may have to await further work on the mechanism of Ignition. ...--... ::- .. :
.ffect of Particle Sli on Znsitivity . *. . .-

39. Figure 7 shows tne sensitivities of normal lead _ * _ *
styvhnat.e, unnilled as received, and milled, using steel/steel . - .
electrodes, with capacities of 245 rIfd and 500 mnfd. The ....-. .
mini-r.um ignition energy (125 erq;) was the same for both -
particle sizes, out the percentaq. of ignitions rose more .
sharply in the case of the mille4 raterial as the energy was
increased. Helow 200 mmfd the minirtum ignition energy for :
the -illed styphnate dropped to 90 ergs at 80 mmfd. and 45..........................-
erqs at 25 mmfd. The 110L figure of <.62 ergs for 50 mmfd fits * . * .
fairly *ell. reference (g). The large value, !3,250 ergs, %. .".'."" .'

given for unmilled normal led styphnat in reference (h) Is
difficult to understand. V:- . .

.. ..9 _. O _ _Q_

11 .:, ... *... *. ..
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39. Figr1n shvs the 4tensItivitlos of the unrilled a
milled lead s;%*hnat^ using steel/rubber electrodes. the
steel needle :einq at pcsitive or negjative higai pcttntiai.
'he curves for the unmilled itynhnate are !he sac* as thhoe
;Ivcn previously in figure 6. For capaci-.aes cr,?ater than -

2C0 mmfd. the. was little differenc-e betwatn ht sensitivities a
of the milled Vaterial (needle positive or nezativo) and the
un.iilled raterial. (Peedle posioive). Below this capacity the %
diiforonct boca-e larger. an~d fcr capacities less than 80
r"fd. the ener~y required to Ignite the urv'illea st~rhnate. .

increased; whereas, in the case of the milled eaeorial, It
was still dtcreasing.

40. Lead &aide with ste/steel electrodos gave decrees- .- Ip *.
Ing riniw'um onrgries as tht particle Si2e was re'uctd. *.q.

4 British Service lead saide gives 20 ergs, colloidal lead azide
about 2 ergs. ana for an atid* Intorfiediato in size. atcut 5
to 10 ens. :efe-rtco (c). Pcwtver. this Is feat to bhe partly
a geometrical factor, since the smialler cristals wIl be nearer
to the short an: jIischarg%% than the larger crystals. The __________

noedle Pushes the larger crystals further away f rem the spot
at which the discharge takes place.

O ensltivty C'f '.&s~c LI~J Stfa'

41. Using s!*eel/steel *ectrodes (the u:;tr an* belrg a
reedl*e, and a Ca~acity of 50O -!fd, pdrtial 19n:?ions of bisic .. '

le.ad styphnate acre obtained abcve 2,000 ergs. ?*ekw this
filure only snail a-ounts of tte styphnat-? sort i'~nitod. as ,,

indicated by tla:k burn w~rks cn the ro!U--s. Tftere was no
visible resu.lt for onergttj Iteloa 600 i;scs. W-vz. hen a
plu-nb-bob eIis rcdt was sutstIt *evA tor tho nevcle eectrodJe, :.
partial igniti3n~o -.*r* obtained down to 5GO er~s. At this point
It became di!! ic:'t to dischkara. Lh* condenser aith this shape
of electrode. By changing the capacity to 80 v'-fd. so trat
larger voltages cculd be vm~plo~ed. partial lznitions %or*
obtained down to 135 *rgs, when it zgea~ coca-* i :cssiale to S *
dischr,* the coeidensor.7*7"7

42. P1a!ervnce (9) showec' that complete i-ntions were . .....

obtained by char-ino a 50C -i-ajd .. rdcity to ol~sabve
.00 volts (!.e. aeovo S.CO ers). Aith *ho ;articular

electrode arrj"nt. It would nct be easy to dt:t uartial
ijniiions. t~. flittle sroke or light uS *Pitod. It
"as observed that In attempting to destroy thcie sa-p>ies of *
basic lead sty;.in't* which had not ignited. entries far in
excvss of that fur the predicted ICO percont !;nltlon point

* ~~were needed. :his Is likely if sot. of the sty-,:nat# had .:* S
ignited I% th* trial, l..wl~ a dos-nsitized residue due to *--..-

contamination wltm lead or t-irten A-uvo'csittcn products. A
furthor differrent. In the resuiti li 4c.~.rnted fer by the
substitution of a plumb-heL *:Pctroav for a needle electrode.

12 *.
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rubbhthetlrutr -1ttai.isc.,irzly ore than, heitromum
t~nitIn tnm-..t). I are sal to upprtalue orm cpactet

44 P#!csrte theung tial onestog oit A1 be trcesslr

t2r c•.oao ut nea.l all rtsu two oo ifiti a lta s
nachd 1340 and R3 1iv9n a otne 66 usly a WIb,

t feeh ndi y t he uh,/be r lnen tch. iX.,nt elQf¢tro . 0 . S
ri'nber lo.b),cr~~s i s c .odral tor tain th etednm

inIf~r- nc (a~~j I e a hm h p value 6or s for capacit6 e

S i os r a th e r th an e r ga rt a o n e s , 13 9 h o g h Iol y * xe w t r a l s• •." "

and AP 3 n 2~.ud

., 4. c e~tieA o' niscussin thel results, nIgit ion be notcesar .. j.

t c;se -,een for th e to eery usi beta basi la stof .. •

... sate,%%o r-td agre foi. as 1 wtithe previosl obyane InL _
rner t... ansrod yo the aidrs y nte tha 1.e rferne ... ... ..... .

0r?'31on of 75 ergs. The ea:ly samtple$ of 9P9 1349 tested

In !* . K'r. ada Sr 9tvt lhss than nraleds phities-"'"--

as udeJby results using iteel/steel electrodes. Minim

o i of TOO In *nnd Orrd "v' ""*. .--%A t t M.1jority . . * .

0c' the Ignition% beIn2 partial ores. 'h. Indicated decreased *:-::'J1

s'nsitivity of D14 as ccr.:3zd to other forms of lead

.". e ...

steatoe *as based on these r siults. towever, as the method .

"f reporat ion was iprovad so that Z 1349 cculd be mad* cn--
aefer scale. the s4 les tordd o be more sensitive. with -" .
.- #re s o 153 to C t Pr. Aue a r fores1ntatI6v" sample of. . .. •
a AarCe-scalf preparation was tftd. using the steel/rubbez .

4n.lfc?.rc!., sh!ntlar resultq V3t:-.se for mal oieo styphnat
ear obtained. h-cludinj a pryc-d'ncaa of comfplete Ignitions. ... .
n fact there was little differo ce betwtn normal lead strfl .:-.

notes PO 1302 and 1303, and beta basic lead st hnates R0 1346
and 1349, roference (a). The yellow fom of alp'h basic ted t * ,

.ty rhat* was more sensitive.

* ~~45. Since the figures given for the. ignition limit for *S4

. . Standerd basic load stvphnste (the alpha polymorphn
reference (1)nusi tsteel/ruboor electrodes are likely to be* .'*.:-. • •
at least 3 to 4 times too large, It can be concluded taking .-.

all the results Isne consideration. that its sensitivity 1s %
about the sate as normal alpha lead styphnat amid the two
bta "atlr lead "typhn.os.

4 .

°.* a .. -* * * .4
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2ensitiv;,v cf Q2{I. oni Tetracera.

46. -No results fer 9111'.d ON?? usin., teel/rubceer
*loctrodes art shown in Figur& 10 alcn; with ccvpara:ive U. K.
values fer =tatrinatro lead wA:.. tliar azldt. lead 2:4

dinlrc:#sc::inate ard tttac~ne. !h #, sarple was :4ther 0

all ivi!!ei wle coes. Tests were not carried out on-

47. Clmly a few trials were carried cut on tetracefle,
but the i i 1nittan *nerc ts for capacities of 5W3 and
19150 -of 3 ar .reaer !in 10 CO or;%. 7he figures cbtained
for Pritisna te-racont *:.l. at i~.2E were 560 or;% at 0

4 120 r!sfo* 2.3Z at !00 -- d. 4d 3.000 orcs at 1.003 P-fd. 0

iefertnze (ft. This is form wtilch is is'ally cti:ained fr.
cofmrclal s;-.rces. Frm 8. -Wh:h has t#1qn ~found to be
present in sc- ccw er:!31 sampl.?s, gives si-ilar fioures .

*xcept at the s-alloi ca:,.city end. :th9 ccrrespondini values
are 4,9'*.t1CO. and 4.CCO ergt refertn:.* to).

* * £~~~~~~4. Latc* plavr. spacings frcm an x-ray powder photo- ----. -:~:
r c of . Li-. S. toirmcone vare cornare1 with t?'cte

obtained fc.- for-s A and S. They sua;esttd that t"~ U. S.
tetractnt vmf form A. but tho evidonce- was by no roans can-

-!, e sa'-'le of U. S. tetracent was several years old
a# iji va! a~ccunz fcr the dtcreasea sorsitivity as zc-rArpd

ars!v t 16atal -%ci Vixtures

to. t# so11t!1v!*L-S of sev. -a-?va/u4i ::e
based cn :i:~~~apd %.rcn hae rev. -nvtstiqated. 7eter- .
@*%te i,:'a that t"" mix for t!-? tr:-er I;%#-- in .*.**

* ~ ~ ~ ls U. k,.3 #lay t tastd on ~ -~ a sens.tive. .* .* *.** ~
~~ee~e*~ tate-s tna a layer Lf z:z n:Lr !eta! ;ZAe: *

can to -Is wa: h .~ri of less t'ta- i; rs

li. -- , :"s-vcn of th~e var.r-s zrv~niu- lIxtures .*2..

t..stcfs f-:- srf:k sen~itivit" in -- ;% of:~ t!* * :.s s ;jve-
In 'at;* Z. :,t a*tt~z to Thil~ a t::r. fIvtujro (a pi-anvy

* w~~~as aS.I z#:*ei. ac~e .3 gives their .w~int~c~..e .*.

usi see'~ -ml ec~r..des. Ficure snows the st./uce
rosul s ~c e 1 .stw)

14 . *.. . . . . . . . *.

GZNF1DElT1AL

*A ah 0 0 _
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k?. ZIyconium rttal rcwl . 9e SIX fr th~e priiver used
!t' thAP -k 10 7cd 3 Z!,1ay (:'-- einafxor ca!led 1a

~ii~id~' E.zircenlLZ rich~ fixiUrtes 4n;Y AS AIA (Unli tal
.atch And ? %. orsions) Are te ust senst.!v.t ad shou~I z 0 0 5
na=. sint:,tly to !#44 sty:!tat. 1. .. .ith full

*nita:±c ajj nt* 'I t sich£o'etric riatur~ F43!% &Pd-

i-.ntiilw: th~y arprac'- v~v 9e'fiiivity of i-V. load &:Id*
Lt thy .. u'capable of cir. l~nit-d by ikaller capacitllos.

71t s4vQ!v_'y of t~'. *y Zl Z'cal !:-tO m~ixture,--

. _c c..-. pi:ns titaniu', z~ Zts th~an tha of PVA l,'ad :d *0 * -

* ~ :~i- of 1.::s L&:,'u mard ci -S.4y into to%#
*sx:.'s.1 .:sc~:i; ::ccu~.As noted

stt.,'lsteel ani wt- '-.u~oet rei-.A-_ show tha%.

:t- trdt Li dec:easi. ASZ~ 'a c fllaws:

* ~ .. F.~. .- ~:±. .!.2 : crc'r cf d-,cre&-!!t4 -

*zroi 0 -Jcb.,., S*.tr S

- -. .1?- - -

I .L

____AkL* *
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Table 3 " " .
Minimum Energies for Metal Powders and

Sletal/Oxildant Mixtures, Using Steel/Stool ilectrodes

Milnimum
Composition tg . ..

AlA (Universal Match Corp:) i12
AlA (NaiL) 2"-
F33B 100
b2-50 4o500Lead L-lo xide I x 4 7 O . o O _. J -
Zirconium (Aerial Products *
Corp.) for mix above 1"

VOOao 4  550 .

Titanium. as used In W.-S0 So... .

This suggests that the first step in the inition process Is .--.
* * the Ignition of zirconium metal in the oxygen of the air. - • -

This is followed by reaction with ferric oxide which needs .- o :. ......

a lar.r energy of initidtion. In the case of thc 02-50 mix- .. :-

ture, where a large proportion of the zirconium is replaced by %-. -,
the loss senaitive titanium, a much larger energy was r.quired. .
Titanium pox.tr of the size distribution for the 82-50 mix-
ture save the following energies for i'nitlon: steel/steel-
approxiaately tO.COO eras; steel/rubber for a capacity of * ' .

* .33 mfd, arrroximately 6C').(Onf ergs. In the case of the..% .* .

ln-d dioxide. sIx which h.d about the same sensltivity as :.

zirconiua itself, the Seand staqo roactlcn involving lead
dioxide _-ust rcquire -uch less enerjy than the correspon ing
cne w:-tr firric oxide, and rotably is sinilar to tha.•
rcquirc-i for i3nition of zirconium In air. Thi- sc-"ms
1,l4uSiblo since lead dioxide is a ouch -ore reactive cxicant 0 9 0
th.n ferric oxide.

t:4. As expect-d, ther was a ccnsidrable difference in '
the rate of combustion of zirconium metal and the lead dioxide - ......

mix. In fact. ccabustion of the foreer an* the ferric oxide .
mixtures on the rubber-top.-ed electrodes was slow fnough to .. ....-..-
chzr the rubber to such an oxtet that they could not be , .
reused. T! is p:t-arty makes some of these naterials less - .:... ..h a : a r d o u s t o h a n d le tia n w n u ld b e I n d i c a t ed f r o m a c o n s ~ ti er - - -. .- ... . . . - . . . .

ation of tho lqnitlon encries alone. elthoug'i presumab!y .
dust expluslon of them could be very dangerous.

16 0 o
* .*-- * . :. . , .*..,

..* - - .. ... ... :

.a.. • . . .; . . ., %. . -..-, ' -

Oo-.O.- .e "4' . ° . -
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Sonsitivity of (I-eltora- An, 'nitm ?.bcrate,

*55. Tests were cattle.' out on tho following *tteriba5 .

4P? (passed 325 me~h. I.e. 44 microns)
A? coated whith c ,3ptite (96/4)* * * *

* ~AP/aluminum OVA,25
QR propellant.

Samples of the f irst three woere tested In the bulk state.
Saiftpl#% of the propellant %#to pripated by means of a cork
borer free & slice of thlc~noss varying fron 0.02 to 0.C4
Inch. -;II samples wer# confined In colIlars. in the case-
of the steel/steel electrodes, the collars were fixed to the S *
steel with adhesive. ;."th the stoel/rubber tlectrodes. the.

* collar was placed In position on top of the rubber. no adhesive
beIng used.

56. 7he pluanb-bob type of upper olectred-? was useu
* threnughout. A condenser of 4).251-mfd capacity was used at ____________

voltagjes up to 2.000 volts. (Tests with ste*l/ste*1 elec-
trodes with a smaller capacity charged to higher voltagsf ~ 9.*.
resultid in the samples cf A? end AP mixtures being blown 0 4
away before the passage of the spark, even though the collar
was In place.) A few trials were carrie. oust using a smaller
capacity at highor voltages with the steel/rubber oleckrod-ts, *..

and with the propellant cn steel/st*4l electrodes.

57. -wo groups of test% were carried out. The first
was at rocm h'omidity (anvrovrnatply 30 ren: relative.
humidity) and wxith the sartrle -s rvt~eivil. :h# second group 4
was at scr.94hat lower humiditi~s (o. 1. 17 percent relat~ve
humidity cbtainod by placing 60"'s of phzschorcus pentoxide
in the c? ~rbers) and with the. saffple beivi used as soonl ae
possiblo af!,r having been dried ov.rnight I-% a desiccator
ov.er phoitphorous pentoxide. * *

5a. A, fluminum (7!/25) was tested Nizst ot about .30
porcont reid? iv" hwi.idlty. Partial iqnitl4- wore obtained * .*S4

sbov-A aprroxima...1y 0.72 joule usin) t A.e #el!ttrOdvs.
sI :aLIe 4. At 13 to !ZO r- rcont r-. 1ativ... o'iit nd.* .

ovornigh! 4rying of the samvl?, r,,rtial I: cn vWZO
obtaoined Ab',ve ;4pproximatoly m.1 Ioul*. - .se par' lal
iqnlticnst .r Jue~ed msinli bi in' ircros..' 1r th* %ou.IJ0 0
,.mittai,. -.vir that of the spark dischar.)o i-tself. '.cnaum~nttioft
,,f m;,t.rlal oavi no clue since most of 16 .as blown out of .:I:,-*
the Collar ty Lhe discharge onyvway. .dth st-,,'rubbe j l- -V...
trodes no i.1nitlons vore obtained. No, i'npItons vre found

cuNAIENteArm*% %

.'.~ ~ S4

~% J6
p... ** .t..
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4 . 0 0 -

with AP, A.-ora.hite, (96/4). or with the propellant a%
indlcat,?d In Tabl* 5.

".9. It Is possible that a fine dlinrqlon of the AP/fuel
.iLttLur-' In air could be Ignited with smalor energies, although

not nRrcos2arily so. .ic* larger enerqi-s %ere needed for
4 dust clouds than for tho layors of magiiesIu'n and zirconium.

rihrne ( ). The pot ).tial diffr.nce bttween the two
electrodes causes some of the AP/fu• s~mplo to be blown
away up from thp base electrode and dispesed in the air
within the collar when the discharge tk.s place. The test
probably covers both conditions. 1. P. an undisturbed
layer and an aerial dispersion. Referonc. (J) Jves a
minimum enorgy value of 0.05 Joule for the most hazardous I t 6

sample of aluminum tested as a dunt cloud. i1e!er,.ncP. (k)
gives 0,047 loule for a dust cloud of alumir uma when a
resist4nce of 75.000 ohms Is in series, the size of the
aluminum being such that 90 percont pased a 200 3.S.3. sieve .
(76 microns).

0. Since the energies Involved In th- one case where : ,._ _- -
partial ignitions were obtainad. 1. n. A/,Aluminum mtixtureso ". • •
were larqur than the above fiijurvs, and much ldrger than
those capabl.? of igniting primo'ry exploslvs, it Is very ,:
unlik.,l• that accidont-l ignition of A-1 mlxtur:s by statlc .- *.... .. :..
dlichargoi %ould occur.

4 e'

.............................................o..

S. ." % .. . "

.............................................. ..:...-............... .- .:.

............................................ ...........":.'.:... . .'. .

9O 9 9

- .8. a.. -.- -.... .*.-.-. .
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61. ThsR *.nsItivitles of AUDX. tetrvt, P:Tt, ID. and.
L4AVB -..,e to.tted in the bulk state,. (Af th.?se only P.V1 and
DATO gave complet.e or nearly complete Ignitions. with vn..rgles
of lvss thani I Joule. TDX and totryl gav4a, at most. 4nlIndicallon uf Igjnition by ntnitting some sioke. itowevcr, . . -these r-?qulrt.d energies of I to 1.2i joules. MINO was Igaz% ' 0 *
up to 1.5 joules.

®I

62. The detailed results are as follows. pluwb-bob
*1-ctrodes being used throughout.

(a) 1DA. etry!. and WNWr -h. result- art -v-n-"-
In Table 6. Uhe tests were conducted with and
without collars. Since thert was no wmazted
differnc. in the rtsult,. this variation In
the condition has not been included In the " •
pable.

T-bl. 6.__ _ .

Ignition vs. einerly for RDX. rttryl. and WNID

.xplvs- :lec-

Pet . iV) 2 3 4 45 5 T

RUX S - 0/ OIL .3 I/4
R - - 0/5 2 /5 2 /5

e-tryl S L-/2 0/2 - - 045 .... S
R e ".- 0"-"/s'.

S 0/3

S --- ,--o - - 0 0

(!Ma 1) R 0/3 tv/2

Le*t.? smk. emitted.%.

(b) h, ,ery n h -. results 4r- gvvnn in
ITble t in hs case of Ln with d 0 -

5~.I~lste1 ~.~cz-oesth.?r,, was no coni~noo-
m.nt. .lth r•:n e th e re was no .iovedent ' the t t
dxIoslfve jndr t.h r nflu nce of thon c . :. ........... ..

field and -*.ry little imove-nent as a result of
paosagat of the elctric dishr-,i. 'hus *

confint~reat was unnecessary. ?Iu either

Q• %JNFI _ENT o-L":...

T..ble.,* 6* . . .

....... . ..- ...... •

-o,.- - -.-- ' -..-- o .... . ......-.---.

e,

"'""*"** ..*% ..-...

4% * -

. .. .:......0...- -'0-:,WS



. .

eCG4FICEETAL

R~eport 6632* * 0

gave at. easily det.!Ctabl.2 arscunt of smoko or
a neirly cc:-pletc i*itcn. A th VATOO fer
der~ of i--nitio; were found:

(1) A very smnall aziunt cf -cQoko I.e. .0 0 6 0
sz,:e that was Jusn vis ble idenoted

4
(2 iAzall a-cunt o! smck,&. I.e. sooke . .*-

.tAas eas!ly d&te.ca~,Ia
c! the explosivt unto~ucheod ($I.

t(3) 1 :?t!4' I';n1tien. i.e. abcut half0
.he -at.-rial s-r d .th onA.

4 ~z:~q~ 'cracko?)

(4) Ana~cst co-rlete :nition. i.#.'nearly .

a1th- '-~ter-al i.,:ittd %ith a corrzs-
1.y uder *czack" (C).

;Ibl I s! :& that the results obtained ivt  * *
&- ind A re quite simila1r. toith W--..

I ~r~ciabl, actllon start-d cccurrin, it
ener.-Tq :, tke z:d,:r c C.01 1.ule; with Z.*..

a:~.a:1~reactizn A~as zcc.rrin9 In the .***.-

:-nt of C.6 to l.Z! 2oules. Althetilo ~*
the is-~1 not cor..let#. at the vner.!es -
ccs!rd -.47-1 has a cc:;rrble sen%1tvi ....-

to.0 . ant: 51.7lar F tce..ticns should ac;.l 4.

Kr~shzul-i not rr"s..'t a!!-. sta:tic hazard. *...

A3. -The r.'vsulti ::v in -atlXes f~ 2i ? 4hoaw iha
aih.sx-'r anid ht' :w:.. -s It %..tul- ? preft-rabi :
*'-'Lthtb atcve t~sts 4%--.h cnos usirn: zore vigorous 0 0 0

co-rciti.cns of art1 sr ark ener-.i. .

MCC %



* ty. * 0 0 0 r m a 0 0 

riq* 
0 0

-4 4 - -4. -0-.43I 0O t . .to Ini

10~~~ 46 .1f

C0 V #0 
64 e l, 14 6: 1 . ;

6w p a 6 0

o.

If
car-f

~ ~ OOOOOOOOO44O22
* 1 

. .4.. *1**



(A.~~ ~~~ 0hi Sttltrn ao h

ate ths* =#e of testing rri?-ary explosiv..s. inwallv1nq
th ue f cn~~tn3rbt Wit electr~e. ;x~d~*:realstic measur;!fent of vieLtru.static hazard. tcillographic

,?Rperim-~nts. r~e~c ce). shca.~d that th. dischaz;* frox
a condmnser in a circuit containing the roeer eleczrce was
very tim~ilar to that ctanc.' from a charge~i huran t,#!ig.

65i. "rr t serles ef tests reported hMrt, !t can be
corcluded that

* ~~(a) -he swislivity of U. S. Stendard alpha .. 7
iasic, lead sty~hnato is abcit the sarne as . *.

no.-al 1tad Stphnato and as the British .*..*,

fGr-s of beta basic load styphnat# dtsIqnatod **.

jo la46 ard ! " 1344.

(b) Thera is n* la&7o variation In snsitivi:; of .*..

* n~~~~al load stiphnate with parts:. size. * .** *
(c) :he, sensitivity of DDNP lies bttwt that *::

of leal 2. 4-dlnitro resorcinat* w.- lead .ON
azie P: type).

do' 'he s.wisitivitits of U. S. tetractne am
~? .totraee:.e are not Identi.cal. .vr

this ray be d.9 to the diff* once in ait of . .

* the tao 107-pl~s. <4:

(o) Skrall senisitivity differences art fziird depend-
ir.; u:zn %hether the rubber base e:ottrede -

Is at pi~tivo cr n4Gativ* high potential. 0 * 0

(f) -6- so i:itt!s of Various it a:CCatV

*ianllw% *a!& In the ranne us-l' ass:clated .. ***

a- :t r' l21:lsives, awrc a:,.:::at# pro-
ta~tit'nts ,uId to taken In hancinr; tien..

(g fthe rixtures basad on am-cnh.? :echlcratt. 5 S

~ :al. 0.5 joulq, a.-d ttts# &or* **%**

* e~art iii i.nitt1,-% Thus A4" mix't.:s art
U.nlikely t. rostnt an tllfvitatic hazard*

23 i A
CCFICE4TIAL
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(h) (.f the folwn bozstnr and hIeh explosivos -

NETN and gav c.t!~iete or nearly cczplete

ADX 4nd tttryl enitt-%d a 11:01e smoke above~
1 .vile. il%- i~s 4rert up to 1.5 Jou.les..-
Thiur, urndr C.rtxn conditicns It ml.iht b.?

4 nwc.!sfary to tAke rrecamut~ons %4ith ?:TN and
DAt, tut t'hese are ur.!ikely to 't nu .dad. .

with any zd thC? c(. r +%lves,

466. The author toi'es to thank the =eT-bers of the
1nit :n 11-search zf th e Ol~! c~1sDvis~an,
for L tt 1 hepIn cn : th' r-:-ica of th i 1). K~.
apzratu*. and particularly *'r. C=..zl Stchm for czrry- .

Ing out t': trials dcr:.* 4n this r.cr*'Y culd also
like to tlon :4r. .1% .L..ii X.re ngtv in th.
U. K.. fc: his coop zaic in fcr^4rtirng t!. discs of
conductir.3 rubber frcm Lr. 3..*2ra £cfo. :~i.~~hnL..I9 ..

4 Abbey. 7niand; M.rs. Se:7a Lflian (,S _!Ivision) for carrying
out t'i x-ray po-.dzr pt~ahof *:rac~ne; Xr. 3j..C. ;Uk# ~ *;

N~.1X.T.) for supplyin; d t4!1s of tzls v-ta, spacings on the
two foz;s of tetracene, an :r. .. i. for discussions
on the Intrpretaticn of tiA tA, stts.

0 0
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